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PILOT SAFETY PROGRAM FOR MERCURY-A'IZAS LAUNCH V M I C L E  

By B. A.  Hohmanq 1 
INTRODUCTION 

When the  A t l a s  b a l l i s t i c  launch vehicle w a s  Chosen by NASA t o  

l i f t  a Mercury astronaut  i n t o  o r b i t  a rmnd  the  ear th ,  it w a s  

recognized t h a t  the  A t l a s  launch vehicle hrtd not been designed as a 

man-carrying vehicle, but r a t h e r  as a b a l l i s t i c  weapon system. The 

design and development teChnOlGgj of  b a l l i s t i c  launch vehicles and 

t h e i r  basic  r e l i a b i l i t y  a re  f a r  6ifferent  from that  of a i r c r a f t ,  which 

today a r e  based on many thousands of hours o f  f l i g h t  time and 

well-established operating experience and procedures. The NASA, 

therefore,  es tabl ished a requirement f o r  the  development of a highly 

r e l i a b l e  system t o  permit p i l o t  escape. The NASA undertook the design 

of  a spacecraft-launch-vehicle separation system, while the U.S. 

A i r  Force team developed an automatic system t o  detect  launch-vehicle 

f a i l u r e .  Recognizing the overa l l  sa fe ty  requirements, Aerospace 

Corporation proposed a spec i f ic  Nercury p i l o t  sa fe ty  program. This 

program was implemented as a team e f f o r t  of NASA, the  U.S. A i r  Force 

Corporation. The key program f igure  1. 

nd 



2 

DESIGN RELiX3ILI'IIy 

The p i l o t  safety program can bes t  be viewed aga ins t  the  

background of a typ ica l  launch vehicle 's  r e l i a b i l i t y  as a f'unction 

o f  t i m e .  

manned f l i g h t  over the  basic r e E a b i l i t y  of  the launch vehicle 

Figure 2 demonstrates the increment of sa fe ty  needed f o r  

i t se l f .  It i s  v i r t u a l l y  impossible t o  obtain the  high launch vehicle 

r e l i a b i l i t y  necessary i n  the time period scheduled f o r  a given program- 

i n  t h i s  case, f o r  the  Mercury program. It would have been desirable  

t o  incorporate a s tep  function i n  the r e l i a b i l i t y  curve t o  improve 

the  r e l i a b i l i t y  of t he  launch vehicle t o  a somewhat higher l e v e l  

p r i o r  t o  a manned f l i g h t ;  however, a major redesign and a Very 

extensive t e s t  per iod would have been required t o  demonstrate tha t  

higher r e l i a b i l i t y  ac tua l ly  could be obtained. 

r e l i a b i l i t y ,  consequently, was accepted and, t o  f i l l  the gap between 

the  basic r e l i a b i l i t y  shown by the bottom curve and the  desired 

higher l e v e l  for manned f l i gh t s ,  a special  sa fe ty  device w a s  added. 

This device i s  the abort  sensing and implementation system (ASIS), 

which i s  explained i n  d e t a i l  i n  The discussion of r e l i a b i l i t y  

augmentation. 

launch vehicle and t r igge r s  t he  separation mechanism of the  

Mercury spacecraft  t o  separate the spacecraft  from the  A t l a s  launch 

vehicle  before the  malf'unction results $n a major disturbance which 

The basic Atlas 

The ASIS automatically senses a malfunction of the  

d ' .  
could endanger the astronaut.  
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It is, of course, recognized t h a t  the  overa l l  Mercury mission 

cannot be saved by the abort  sensing systen; however, adequate p i l o t  

safety i s  provided by separating the  spacecraft  from the Mercury 

launch vehicle p r i o r  t o  a major malfunctioii. A s  shown by the upper 

curve i n  figure 2, it i s  not expected t h a t  100-percent r e l i a b i l i t y  

can be achieved even with p i l o t  sa fe ty  augmentation devices. Although 

the  abort  sensing system i s  a highly r e l i ab le  device, it i s  doubtful 

t h a t  it will provide adequate p i l o t  safety f o r  every poss'ible 

malfunction. It does, however, provide t h e  highest  a t ta inable  degree 

of sa fe ty  f o r  the Mercury astronaut during the Atlas-powered port ion 

of h i s  f l i g h t ,  and it i s  believed he i s  at l e a s t  as safe as he 

would be i n  a new, experimental-.;De a i r c r a f t .  

I n  order t o  preserve the  ex2erience End r e l i a b i l i t y  achieved i n  

t h e  A t l a s  I C B M  program, the  number of char'ges made t o  the A t l a s  t o  

convert it t o  a launch vehicle were held to an absolute minimum. 

The major modifications are sho-ni i n  f igure  3 .  
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QUALITL' ASSlTRANCE 

The purpose of the  qua l i t y  assurance program i s  t o  assure t h e  

b e s t  qual i ty ,  workmanship, and r e l i a b i l i t y  possible f o r  a l l  hardware 

used i n  the  Mercury/Atlas launch vehicle. It cons is t s  i n  p a r t  of 

an educational program for contractor  and subcontractor personnel. 

Under t h i s  program, t r a in ing  courses, l e c t x e s ,  and presentations 

are given by General Dynamics/Astronautics (GD/A) t o  t h e i r  

engineering, inspection, factory,  and subcontractor personnel t o  

make them aware of t he  importance o f  t h e  mznned space f l i g h t  program 

and i t s  object ives .  

of t h i s  program i s  a l s o  d is t r ibu ted .  

L i t e ra tu re  pointing out key po in t s  and items 

The program a l s o  provides f o r  s e l ec t ion  of ce r t a in  components 

Selection c r i t e r i a  includ2 such considerations as and subsystems. 

c lean  inspection records and predetermined operating times p r i o r  to. 

acceptance. Additionally, items with major r epa i r s  o r  refurbishment 

are not accepted. 

c r i t e r i a  and are spec ia l ly  allocE,ted f o r  use i n  launch vehicles for 

t h e  Mercury program. Each selected o r  a l l x a t e d  component, pa r t ,  

o r  subsystem i s  i d e n t i f i e d  by a spec ia l  de-a1 s ignifying an accepted 

Mercury component. All component,s i d e n t i f i e d  by t h i s  decal are 

s t o r e d  i n  a spec ia l ly  designated and cont r3 l led  area. 

Spare p a r t s  are a l s o  se lec ted  t o  t h e  same 

, 
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END PROIXsCT MCE&LENCE 

The purpose of the  factory roll-out inspection i s  t o  assure  

t h a t  t he  Mercury/Atlas launch vehicle i s  c3mplete i n  every respect, 

funct ional ly  acceptable, and ready f o r  del ivery t o  the  U.S. A i r  Force. 

The inspection team consis ts  of  members of the  U.S. A i r  Force Space 

Systems Division (SSD), the  A i r  Force p lan t  representative, and 

s p e c i a l i s t s  of the Aerospace Corporation f o r  various technical  areas, 

such as autopi lot ,  pneumatics, ASIS, propulsion, e l e c t r i c a l  systems, 

and guidance. The technibal team members review the general  launch 

vehicle progress on a continuing bas i s  t o  ident i fy  po ten t i a l  problem 

areas. All component records, su.bsystem t?s t  data, and conrposite 

t e s t  records are evaluated. 

The composite t e s t  is  the f i n a l  contrnctual U.S. A i r  Force 

fac tory  acceptance t e s t  of the launch vehisle.  This test  i s  

performed i n  the  presence of t he  U.S. A i r  Force inspection personnel 

with the  various systems operating simultaQeously under nominal 

f l ight-simulated conditions. The funct ional  acceptab i l i ty  i s  

based upon the  evaluation of t he  data  from t h i s  test .  
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Complete and sa t i s fac tory  documentation of component and subsystem 

selection, and of a l l  tes t  data, engineering change proposals, f a L * - r e ,  

consumption and data reports,  anti so  for th ,  are required p r i o r  t o  the 

end product acceptance. The contractor i s  a l so  required t o  submit 

a de ta i led  report  covering the  s ta tus  of qua l i f ica t ion  of c r i t i c a l  

items on the  launch vehicle. No shortages are allowed; the launch 

vehicle must be f'unctionally complete i n  every respect p r i o r  t o  

del ivery i n  order t o  be sure  that; it has been checked out ' as  a complete 

launch vehicle system. 

The technical  team members prepare a Pinal report  covering the  , 

assembly and tes t  history,  as w e l l  as a l l  discrepancies uncovered 

and corrected on the launch vehicle up t o  the t i m e  of delivery t o  

t h e  U.S. A i r  Force and t o  the Atlant ic  Missile Range (AMR). 

, 
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PILOT SAFETY 

The second pr inc ipa l  program i s  t o  provide an adequate l e v e l  

of p i l o t  safety.  It i s  the purpose of the r e l i a b i l i t y  augmentation 

e f f o r t  t o  c lose the gap insofar  8s possiblz  between the basic  A t l a s  

launch vehicle r e l i a b i l i t y  and the desired p i l o t  sa fe ty  l e v e l  of 

100-percent. I n  order t o  achieve t h i s  goal, the  ASIS w a s  developed. 



IiEZIABILITy AUGMENTATION 

The ASIS i s  a highly r e l i ab le  system fo r  sensing any impending 

catastrophic  f a i l u r e  of the  Mercury/Atlas launch vehicle and f o r  

automatically generating an abort command to  shut down the propulsion 

system and ac t iva t e  the  Mercury spacecraft  escape system p r i o r  t o  

the time t h a t  the  ast ronaut  might be placed i n  jeopardy. .The 

fundamental log ic  of the  ASIS i s  one of continuous monitoring of 

ce r t a in  c r i t i c a l  launch-vehicle performance parameters i n  such a 

manner t h a t  i f  preselected tolerances a re  axceeded, an abort  command 

s igna l  w i l l  be generated and the  spacecraft  escape sequence w i l l  be 

i n i t i a t e d  automatically. 

I n  order t o  determine which performan-e parameters should be 

monitored by the  automatic abort  system, pcevious Atlas f l i g h t  test  

data were analyzed t o  loca t e  those paramet.?rs which indicated 

impending catastrophic  f a i l u r e  &r ing  f l i g - i t s  when such f a i l u r e s  

occurred and which did not indicate I'ailur,? on successful f l i g h t s .  

The ASIS i s  designed t o  e l in ina t e  ina' ivertent aborts  r e su l t i ng  

from f a i l u r e  of i t s  own sensing instrumentation o r  c i r c u i t r y .  

Redundant wiring, sensors, and electronic  components a r e  u t i l i z e d  

t o  counteract the e f f e c t  of any s ingle  coq?onent f a i l u r e .  

Figure 4 shows the  locat ion of  various electromechanical sensors 

throughout t he  launch vehicle which monitor* the  c r i t i c a l  systems. 

, 
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Various manual abort  capabi l i t i es  supplement t h e  automatic abort  

system, as follows: 

(1) 

(2) 

( 3 )  

The tes t  conductor can i n i t i a t e  an off-the-pad abort. 

The NASA Mercury Control Center can i n i t i a t e  an abort .  

The astronaut  can terminate the  mission a t  any t i m e  

throughout the  e n t i r e  powered f l i g h t .  

The range safe ty  of f icer  can gerera te  a manual engine (4) 
cut-off command and thereby ac t iva t e  t h e  automatic 

airborne abort  system. 

I n  addi t ion t o  f i v e  successful ASIS cevelopment f l i g h t s  on the 

A t l a s  launch vehicle, a very extensive r e l i a b i l i t y  t e s t  program w a s  

conducted t o  assure r e l i a b i l i t y  under extreme environmental conditions. 

Extensive f a i l u r e  mode analyses were conducted i n  order t o  se l ec t  

components whose f a i lu re s ,  however unlikely,  would be i n  the  fail-safe 

direct ion.  There w a s  a successful f l i g h t  of  the complete system i n  

the  open-loop configuration on MA-1 and s u x e s s f u l  f l i g h t s  i n  t h e  

closed-loop configuration on MA-2, MA-&, PA-5, MA-6, MA-7, and MA-8. 

The MA-3 f l i g h t  w a s  prematurely zerminated. 

abor t  was i n i t i a t e d  and saved t h e  spacecraft, which was flown again 

However, a successful 

on MA-4. 
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TEST SITE OPERATIONS 

The e f f o r t s  of the fac tory  j:oll-out inspection assure t h a t  t h e  

Mercury launch vehicles are i n  the bes t  possible  condition when they 

a r r i v e  a t  AMFL 

on the  launch complex. It is, therefore, very important t o  have 

s t r ingent  control  over the  hardware configuration and t o  have complete 

and accurate documentation of any hardware changes. 

of any component (par t icular ly ,  selected components), i f  required, 

This condition must be maintained i n  the  hangar and 

The replacement 

i s  closely monitored by qua l i ty  control personnel of the U.S. Air 

Force. A su f f i c i en t  number o f  selected sp.are par ts ,  components, 

and subsystems are s tored i n  a special ly  d-.signated area at'AMR. 

No hardware can be removed from Mercury lalmch vehicles t o  support 

other  A t l a s  f l i g h t s  without specif ic  approval of the U.S. Air Force. 

Only persons necessary t o  perfom. required tasks  a re  permitted 

access t o  Mercury launch vehicles on the  liiunch complex. 

, 
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A Fl ight  Safety R e v i e w  Board determines whether the  launch vehicle 

i s  ready f o r  launch. 

Safety Review Board i s  usual ly  of high level ,  under the  chairmanship 

of the senior A i r  Force representative.  

Review Board meeting i s  attended by a teani of four NASA personnel. 

This meeting e s sen t i a l ly  i s  a presentation by the  F l igh t  Safety Review 

Board t o  the NASA Operations Director and concludes with a 

For manned f l i gh t s ,  par t ic ipa t ion  on the  F l igh t  

lhe f i n a l  F l igh t  Safety 

recommendation on committing the launch vchicle f o r  manned f l i g h t .  

A technical  team made up of personnel from the  NASA, U.S .  A i r  Force, 

Aerospace, GD/A, and the  chief f i e l d  reprcsentat ives  of Rocketdyne, 

General Electric, and Burroughs reviews for the  Board the  e n t i r e  

h i s tory  of the launch vehicle since i t s  a r r i v a l  a t  AMR and presents  

i t s  recommendation on the  technical f l igh l  readiness of the launch 

vehicle. The Fl ight  Safety Revi2w Board nust determine t h a t  a l l  

possible  e f f o r t s  t o  insure a successf i l  mission have been made, t h a t  

t h e  launch vehicle i s  i n  the highest s ta t ( ,  of technical  readiness, 

and t h a t  any reservation on the  p a r t  of p u t i c i p a t i n g  agencies has 

been considered. It then conveys i t s  recommendation t o  the NASA 

Operations Director f o r  h i s  consideration i n  conjunction with the  

corresponding recommendations from the  Caxjsule Review Board, 

Tracking Network, and other agencies. 

The described procedures, plus the  a1)ort sensing and implementation 

system, have permitted NASA t o  begin i t s  rianned space f l i g h t  program 

without t he  delay necessary t o  design and tes t  a spec ia l  launch vehicle, 

a t  no sac r i f i ce  t o  p i l o t  safety.  

, 
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FUTURE APPLICATIOIT S 

The experience with the Mercury program c lea r ly  shows t h a t  

fu ture  manned systems must incorporate a p i l o t  sa fe ty  program. Even 

systems spec i f i ca l ly  designed f o r  manned f l i g h t  will require  a p i l o t  

sa fe ty  program t o  assure  t h a t  man-rating az tua l ly  was  achieved as 

designed and that the man-rating r e l i a b i l i t y  i s  and can be maintained, 

which i s  a most important fac tor .  

A s  a result of t he  e f f o r t s  expended by the  e n t i r e  Mercury team, 

t h e  following basic concepts w e r e  gradually recognized as the  

governing mechanisms for maximizing missioi  success: 

(1) The team approach concept 

(2) The systems engineeriiq; approach 

( 3 )  

(4) 

These control functions a r e  su f f i c i en t ly  log ica l  and general  i n  

AII aggressive f a i l u r e  analysis program 

A hardware qua l i ty  asmrance progam 

content t o  allow t h e i r  application t o  almost any complex system 

development p ro jec t  requiring a high degree of r e l i a b i l i t y .  

, 


